Regulation of daunorubicin biosynthesis in Streptomyces peucetius - feed forward and feedback transcriptional control.
Streptomyces are a major group of soil bacteria that produce wide range of bioactive compounds including antibiotics. Daunorubicin is a chemotherapeutic agent for treatment of certain types of cancer, which is produced as a secondary metabolite by S. peucetius. Owing to the significance of this drug in treating cancer, understanding the molecular mechanism of its biosynthesis will assist in the genetic manipulation of this strain for better drug yields. Additionally, the knowledge can also be applied to design hybrid antibiotics that can be made in vivo by transferring genes from one Streptomyces species to another. Biosynthesis of daunorubicin in S. peucetius is accomplished by the function of 30 enzyme-coding genes in a sequential and coordinated fashion. In addition to these enzymes, three transcriptional regulators DnrO, DnrN and DnrI regulate this multi-step process by forming a coherent feed forward loop regulatory circuit, consequently controlling the entire enzyme coding genes. Since daunorubicin is a DNA intercalating drug, maintaining an optimal intracellular drug concentration is pivotal to prevent self-toxicity. Commencement of daunorubicin biosynthesis also activates the feedback mechanisms mediated by the metabolite. At exceeding intracellular concentrations, daunorubicin intercalates into DNA sequences and impedes the binding of these transcription factors. This feedback repression is relieved by a group of self-resistance genes, which concurrently efflux the excess intracellular daunorubicin. This review will discuss the mechanistic role of each transcription factor and their interplay in initiating and maintaining the biosynthesis of daunorubicin in S. peucetius.